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Abstract
Background:  Splenic  involvement  secondary  to  blunt  abdominal  trauma  is  often  treated  by
performing  a  splenectomy.  The  severity  of  the  post-splenectomy  syndrome  is  currently  well
known (blood  loss,  sepsis),  so  there  is  an  increasing  tendency  to  preserve  the  spleen.  The  case
is presented  of  splenic  preservation  after  blunt  abdominal  trauma  with  hilum  involvement,
emphasising  the  role  of  Floseal®  as  a  haemostatic  agent,  as  well  as  the  use  of  resorbable
meshes to  preserve  the  spleen.
Clinical  case:  A  22-year-old  woman  presenting  with  a  grade  IV  splenic  lesion  secondary  to  a
blunt abdominal  trauma  after  a  trafﬁc  accident.  Partial  splenic  resection  was  performed  and
bleeding  was  controlled  with  Floseal®  and  use  of  a  reinforcing  polyglycolic  acid  mesh.  No
postoperative  complications  occurred,  being  discharged  on  day  5.  The  long-term  follow-up  has
been uneventful.
Conclusion:  The  use  of  haemostatic  agents  such  as  thrombin  and  the  gelatine  gel  (FloSeal®)
and the  use  of  polyglycolic  acid  meshes  enable  spleen-preserving  surgery,  making  it  a  feasible
and reproducible  procedure  and  an  alternative  to  classical  splenectomy.
© 2015  Academia  Mexicana  de  Cirugía  A.C.  Published  by  Masson  Doyma  México  S.A.  This  is
an open  access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
 Please cite this article as: Navas-Cuéllar JA, Canete-Gómez J, López-Bernal F, García-Rivera C, Pareja-Ciuró F, Padillo-Ruiz J. Cirugía
reservadora de órgano tras traumatismo esplénico cerrado con implicación hiliar. Cir Cir. 2015;83:516--521.
∗ Corresponding author at: UGC de Cirugía General y del Aparato Digestivo, Hospital Universitario Virgen del Rocío, Avda. Manuel Siurot
/N CP. 41013 Sevilla, Spain. Tel.: +34 95 5012 313/650 004 726.
E-mail address: jose aurelionc@hotmail.com (J.A. Navas-Cuéllar).
444-0507/© 2015 Academia Mexicana de Cirugía A.C. Published by Masson Doyma México S.A. This is an open access article under the CC
Y-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Spleen-preserving  surgery  after  blunt  abdominal  trauma  517
PALABRAS  CLAVE
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Cirugía  preservadora  de  órgano  tras  traumatismo  esplénico  cerrado  con  implicación
hiliar
Resumen
Antecedentes:  La  afectación  esplénica  secundaria  a  un  traumatismo  abdominal  cerrado  es  fre-
cuentemente  tratada  mediante  esplenectomía.  Ante  la  gravedad  de  las  consecuencias  del
síndrome postesplenectomía  (pérdidas  hemáticas,  sepsis,  etc.)  cada  vez  se  tiende  más  a  la
preservación  del  órgano  afectado.  Presentamos  un  caso  clínico  de  preservación  de  bazo  tras
traumatismo  abdominal  cerrado  con  implicación  hiliar  de  dicho  órgano,  en  el  que  se  recurre  al
papel esencial  del  Floseal®  como  agente  hemostático.
Caso clínico: Mujer  de  22  an˜os  que  presenta  traumatismo  abdominal  cerrado  tras  accidente
de tráﬁco,  con  diagnóstico  de  lesión  esplénica  del  polo  inferior  con  compromiso  hiliar  que
implica la  vascularización  de  dicha  región.  Se  procede  a  la  intervención  quirúrgica  urgente  con
preservación  esplénica  mediante  esplenectomía  parcial  y  control  del  sangrado  con  Floseal®  y
con el  empleo  de  una  malla  de  refuerzo  de  ácido  poliglicólico.  La  evolución  postoperatoria  es
satisfactoria  y  sale  del  hospital  al  5.o día  sin  incidencias.
Conclusión:  El  empleo  de  agentes  hemostáticos  como  el  gel  de  gelatina  y  trombina  (Floseal®)
y el  uso  de  mallas  envolventes  de  ácido  poliglicólico  posibilitan  la  cirugía  de  preservación
esplénica  tras  un  traumatismo  abdominal,  representando  una  alternativa  segura  y  factible  a
la esplenectomía  completa  clásica,  con  el  beneﬁcio  de  la  conservación  del  órgano  y  de  sus
funciones.
© 2015  Academia  Mexicana  de  Cirugía  A.C.  Publicado  por  Masson  Doyma  México  S.A.  Este  es
un artículo  Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
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Exploratory  laparotomy  was  performed  with  supra-Background
The  spleen  is  one  of  the  intra-abdominal  organs  most  fre-
quently  damaged  in  blunt  abdominal  trauma.  The  severity  of
signs  and  symptoms  or  lack  of  surgical  experience  often  lead
to  a  total  splenectomy.1 The  spleen  plays  an  important  role
in  organ  defence  due  to  its  ﬁltrating  mechanisms,  phagocy-
tosis  and  the  synthesis  of  complementary  and  immunoglobin
factors.2
The  risk  of  severe  infections  following  splenectomy
has  led  to  radical  changes  in  splenic  trauma  manage-
ment,  fostering  splenic  preservation  techniques,  including
the  application  of  haemostatic  agents,  splenorrhaphy,  par-
tial  splenic  resection  and  the  wrapping  up  of  the  organ
with  prosthetic  mesh  materials.2--6 Total  splenectomy  has
been  linked  to  an  increase  of  blood  loss,  with  the  need
for  transfusions,  the  formation  of  postoperative  abscesses
of  the  residual  splenic  cavity  and  the  increase  in  mor-
tality  rates  from  sepsis  in  patients  who  have  undergone
total  splenectomies.7,8 Medical  references  state  that  when
at  least  25%  of  the  healthy  spleen  parenchymal.  All  the
immunological  and  haematological  functions  of  this  organ
were  maintained.6,7
Splenic  vascularisation  is  segmentary  and  very  variable.
The  splenic  artery  supplies  irrigation  to  the  spleen  and  to
substantial  parts  of  the  stomach  and  the  pancreas.  Close  to
the  splenic  hilum  the  artery  normally  divides  into  superior
and  inferior  terminal  branches,  and  each  branch  divides  in
turn  between  4  and  6  segmentary  intra-splenic  branches.6The  surgical  anatomy  of  splenic  vascularisation  should  there-
fore  considered  since  it  may  help  surgeons  to  perform  partial
resections.
u
o
lAt  present,  preservation  of  the  spleen  either  using  non
urgical  management  or  conservative  surgery  is  the  most
ccepted  treatment  in  cases  of  blunt  and  penetrating
rauma  where  this  organ  is  affected.9,10
linical case
 22  year  old  woman  with  no  personal  history  of  inter-
st  was  taken  to  the  emergency  services  after  presenting
ith  blunt  thoracoabdominal  trauma  as  a  result  of  a  car-
otorbike  collision  accident.  The  patient  was  conscious  and
ocused  on  arrival,  and  scored  15  on  the  Glasgow  scale,
ith  slight  mucocutaneous  paleness;  blood  pressure  ﬁgures
tayed  below  reference  ﬁgures  (99--55  mmHg);  she  was  eup-
eic  and  her  heart  rate  was  between  55--60  bpm.  The  patient
nly  mentioned  abdominal  pain  down  her  left  side  and  left
ypochrondrium.  No  other  injuries  were  identiﬁed  after  sys-
ematic  examination.
A FAST  scan  was  performed  which  showed  the  presence  of
ree  intra-abdominal  ﬂuid.  As  the  patient  was  haemodynam-
cally  stable,  we  decided  to  perform  computed  tomography
hich  showed  up  a  splenic  blowout  fracture  involving  the
ower  spleen  pole  (grade  IV  of  the  Organ  Injury  Scaling  [OIS]
lassiﬁcation  of  the  American  Association  for  the  Surgery
f  Trauma  [AAST])  with  imaging  of  active  bleeding  at  sev-
ral  foci.  We  decided  to  perform  emergency  surgery  as  a
esult.mbilical  access  and  moderate  haemopertioneum  was
bserved  in  all  quadrants.  Following  splenic  luxation  and
ysis  of  adhesions,  an  extensive  laceration  was  identiﬁed
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Figure  1  Devascularisation  of  the  lower  pole  of  the  spleen
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tith active  bleeding  at  hilum  level.
n  the  lower  pole,  which  involved  the  capsule  and  one
ntra-perisplenic  haematoma  with  active  bleeding  at  hilum
evel  which  devascularised  said  splenic  region  and  at  the
ame  time  we  observed  a  laceration  of  3  cm  in  the  upper
ole  (Fig.  1).  As  a  result,  and  given  the  viability  of  the
emainder  of  the  spleen  (which  represented  approximately
5%  of  the  organ)  we  decided  to  control  the  bleeding  at
igure  2  Image  of  the  spleen  after  completing  partial  resec-
ion of  the  lower  pole.
Figure  3  Application  of  haemostatic  agent  on  the  surface  of
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rhe splenic  resection  and  in  a  laceration  of  the  upper  splenic
ole.
ilum  level  using  ligation  of  the  lower  branches  of  the
plenic  veins  and  complete  the  splenic  transection  with
lectrocoagulation  (Fig.  2) with  posterior  application  of
loseal®  (Baxter  Healthcare,  Fremont,  CA,  USA)  in  the
arenchymal  capillary  bed  and  in  the  upper  pole  laceration,
hus  achieving  total  control  of  the  bleeding  (Figs.  3  and  4).
he  remaining  spleen  was  then  wrapped  up  in  a  bag  made  of
eabsorbable  polyglycolic  acid  (Saﬁl®)  aided  by  haemostasia
igure  4  Total  control  of  bleeding,  with  75%  viability  of  the
emainder  of  the  organ,  which  was  decided  to  preserve.
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Figure  6  Intraoperative  image  on  conclusion  of  procedure
and availability  of  the  remainder  of  the  preserved  organ  in  the
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tFigure  5  Wrapping  of  the  remaining  spleen  in  a  polyglycolic
acid mesh.
in  both  the  transection  area  and  the  area  of  the  upper  pole
tear  (Fig.  5);  the  mesh  bag  was  then  attached  to  the  left
upper  quadrant,  to  prevent  twisting  of  the  remaining  spleen
which  could  have  endangered  vascularisation  (Fig.  6).  The
whole  abdominal  cavity  was  systematically  reviewed  with
no  observation  of  any  other  injuries  involved.
Postoperative  evolution  of  the  patient  in  the  intensive
care  unit  and  on  the  ward  was  satisfactory  and  she  was  dis-
charged  from  hospital  5  days  after  the  procedure  without
incident.
Discussion
In  recent  years,  rupture  of  the  spleen  caused  by  blunt
abdominal  trauma  has  generally  been  treated  by  per-
forming  splenectomy.  Patients  who  undergo  splenectomy
have  an  acquired  immunodeﬁciency  and  are  at  greater
risk  of  serious  infection  for  the  rest  of  their  lives.
Several  authors  consider  that  the  risk  of  serious  infec-
tions  in  adults  who  have  undergone  splenectomies  has
been  overstated  due  to  the  low  incidence  of  septic
episodes  in  different  patient  series.11--13 Although  the
risk  of  sepsis  in  splenic  patients  with  trauma  is  low,
it  exists,  and  in  the  references  severe  cases  of  sep-
sis  appearing  many  years  after  splenectomy  have  been
described.  As  a  result,  long  periods  of  follow-up  are
required  to  evaluate  the  real  incidence  of  these  infectious
complications  in  splenectomised  patients.14 In  contrast,
i
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tplenic cell.
ow  morbidity  and  mortality  rates  referred  to  with
he  use  of  traditional  methods  of  splenic  preservation
nhance  the  arguments  in  favour  of  conservative  proce-
ures  of  spleen  function.12,13 Both  laboratory  experience
nd  clinical  practice  have  demonstrated  the  ability  for  heal-
ng,  regeneration,  recuperation  and  maintenance  of  the
mmunological  functions  of  a spleen  that  has  undergone
rauma.15
Given  that  these  patients  are  usually  healthy  and  often
elatively  young,  conservative  and  organ  preservation  mana-
ement  have  been  used  and  should  always  be  considered  as
n  alternative  to  the  standard  total  splenectomy  in  these
atients.
In  abdominal  trauma  where  the  spleen  is  compromised,
nitial  treatment  whether  it  be  conservative  or  surgical,
ust  be  assessed  for  each  patient  individually.  Therapeu-
ic  approach  must  mainly  be  substantiated  by  an  exhaustive
linical  evaluation  and  ﬁndings  from  ultrasound  examina-
ions.  At  present,  the  rate  of  spleen  preservation  using  a
ombined  non  surgical  and  surgical  treatment  is  approxi-
ately  40--75%.4,16--18
Percentage  rates  of  patients  who  undergo  splenorrhaphy
anges  between  17%  and  35%;  however,  the  overall  splenic
reservation  rate  with  the  use  of  reabsorbable  mesh  bags  is
p  to  67%.18
In  Spain,  according  to  the  data  consulted  in  the  ref-
rences,  the  rate  of  conservative  splenic  surgery  due  to
rauma  is  from  7%  to  40%.12,15
In  our  case  and  given  the  level  of  laceration  of  the  lower
ole,  we  decided  to  perform  partial  splenectomy  with  the
pplication  of  a  haemostatic  supplement  in  both  the  area
f  transection  and  the  level  of  laceration  of  the  upper  pole
hich  also  allowed  for  its  preservation.  This  haemostatic,
loseal® (Baxter  Healthcare,  Fremont,  CA,  USA),  consists  of
 gelatine  gel  and  a  thrombin  component  which  is  mixed
rior  to  use.  This  haemostatic  consisting  of  reticulated  gela-
ine  granules  swells  up  approximately  by  20%  when  it  comes
nto  contact  with  blood  or  body  ﬂuids,  reducing  blood  ﬂow.
oagulation  is  activated  by  a  thrombin  component  to  form  a
olid  haemostatic  thrombin;  these  two  procedures  combine
o  accomplish  haemostasis.7
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In  spleen  preservation  surgery,  haemorrhaging  initially
an  be  controlled  by  using  organ  compression,  clamping  of
lood  vessels,  sutures,  electro-coagulation  and  the  implan-
ation  of  haemostatic  biological  products.12
Placing  the  spleen  in  a  tightly-ﬁtting  bag  removes
he  need  for  too  many  sutures  and  for  partial  splenec-
omy,  except  in  cases  of  avulsion  or  over-fragmentation
f  any  of  the  poles.  We  have  conﬁrmed  that  the  cre-
tion  of  a  bag  with  a  polyglycolic  acid  mesh  and
rapping  the  spleen  in  it  is  a  simple  and  straightfor-
ard  procedure  which  has  helped  us  with  haemostasis  of
he  splenectomy  site  whilst  avoiding  splenorrhaphy.  The
olyglycolic  acid  mesh  easily  ﬁts  around  the  shape  of
he  spleen  and  its  function  is  to  contain  blood,  espe-
ially  in  cases  of  parenchyma  fracture  and/or  extensive
reas  of  decapsulation  and  the  formation  of  a neo-
apsule.18,19
The  use  of  reabsorbable  meshes  does  not  appear  to
hange  the  vascularisation  of  the  organ  nor  its  splenic
unction.  The  mesh  should  not  be  overly  tight  around  the
rgan  and  compression  of  the  polar  arteries  and  splenic
ilum  should  be  avoided  as  much  as  possible.19 Omission  of
his  may  lead  to  ischaemia  and  possible  intestinal  infarc-
ion.
We  also  recommend  attaching  the  remaining  spleen
o  the  upper  left  quadrant  to  avoid  torsion.6 In  our
ase,  assisted  by  the  reabsorbable  mesh  bag  we  were
ble  to  proceed  with  attachment  from  several  anchorage
oints.
Open  surgery  continues  being  used  in  trauma,  for
oth  splenectomy  and  spleen  preservation,  particularly
hen  the  patient  is  haemodynamically  unstable.  We
hose  open  surgery  despite  the  fact  that  the  laparo-
copic  approach  in  splenic  pathology  treatment  has  become
asier  and  safer  thanks  to  technological  advances  and
ncreasing  surgical  experience.  In  the  medical  refer-
nces  this  approach  has  been  recommended  even  for
rauma  injuries  in  the  organ,  including  splenic  haemosta-
is  techniques  and  total  and  partial  splenectomy.20--24
mprovements  in  technical  instrumentation  in  elective
plenic  surgery  and  extensive  experience  in  elective
plenic  surgery  will  be  essential  factors  to  guarantee
aparoscopy  as  an  effective  procedure  in  splenic  surgery  for
rauma.
onclusion
he  decision  regarding  which  procedure  to  use  after  splenic
rauma  depends  on  the  severity  of  the  injury  and  the
atient’s  condition  and  must  be  decided  on  an  individual
asis.  The  use  of  haemostatic  agents  such  as  gelatine  gel
nd  thrombin  and/or  the  use  of  polyglycolic  acid  mesh
ags  enable  us  to  choose  an  alternative  to  the  traditional
plenectomy  approach  for  spleen  preservation  in  selected
ases.onﬂict of interests
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1J.A.  Navas-Cuéllar  et  al.
eferences
1. Resende V, Petroianu A. Functions of the splenic remnant after
subtotal splenectomy for treatment of severe splenic injuries.
Am J Surg. 2003;185:311--5.
2. Resende V, Petroianu A. Subtotal splenectomy for treatment of
severe splenic injuries. J Trauma. 1998;44:933--5.
3. Uroz Tristan J, Poenaru D, Martinez Lagares F, Leclerc S, Sanchis
Solera L. Selective splenic artery embolization or use of polyg-
lycolic acid mesh in children with severe splenic trauma. Eur J
Pediatr Surg. 1995;5:310--2.
4. Williams MD, Young DH, Schiller WR.  Trend toward nonoper-
ative management of splenic injuries. Am J Surg. 1990;160:
588--93.
5. Pachter HL, Grau J. The current status of splenic preservation.
Adv Surg. 2000;34:137--74.
6. Uranues S, Grossman D, Ludwig L, Bergamaschi R. Laparoscopic
partial splenectomy. Surg Endosc. 2007;21:57--60.
7. Stacey MJ, Rampaul RS, Rengaragan A, Duffy JP, Macmil-
lan RD. Use of FloSeal matrix hemostatic agent in partial
splenectomy after penetrating trauma. J Trauma. 2008;64:
507--8.
8. Madoff DC, Denys A, Wallace MJ, Murthy R, Gupta S, Pillsbury
EP, et al. Splenic arterial interventions: anatomy, indications,
technical considerations, and potential complications. Radio-
graphics. 2005;25 Suppl. 1:S191--211.
9. Garber BG, Mmath BP, Fairfull-Smith RJ, Yelle JD. Management
of adult splenic injuries in Ontario: a population-based study.
Can J Surg. 2000;43:283--8.
0. Uranüs S, Pfeifer J. Nonoperative treatment of blunt splenic
injury. World J Surg. 2001;25:1405--7.
1. Carbonell Tatay F, Enguidanos Subirá MJ, Ortega Serrano J,
Armengol Lázaro O, Sancho Fornos S, Del Pino Porres J, et al.
Evaluación de las consecuencias inmunohematológicas y clíni-
cas de la esplenectomía postraumatismo. Cir Esp. 1994;56:
456--9.
2. Martínez Diez M, Ubieto Marínez F, Aguilella Diago V, Ingelmo
Setien A, González González M. Criterios cambiantes en la
cirugía del bazo. Controversia esplenectomía-cirugía conser-
vadora. Cir Esp. 1985;39:27--40.
3. Gómez Alonso A, Santos Benito FF, González Fernández L,
Gómez Gómez JM, Bellido Luque A, González Fraile MI, et al.
Complicaciones de la esplenectomía. Análisis de nuestra casuís-
tica. Cir Esp. 2001;69:224--30.
4. Grande C, Iruretagoyena JR, Fernández J, Aguirreben-
goa K, Marrero M, Montejo M. Asplenia, esplenectomía
y sepsis por Streptococcus pneumoniae. Cir Esp. 2001;69:
628--9.
5. Ruiz Feliu B, Codina Cazador A, Salvá Lacombe JA. Activi-
dad esplénica residual tras esplenectomía. Cir Esp. 1990;48:
240--1.
6. Pachter HL, Guth AA, Hofstetter SR, Spencer FC. Chang-
ing patterns in the management of splenic trauma: the
impact of nonoperative management. Ann Surg. 1998;227:
708--19.
7. Uranüs S, Mischinger HJ, Pfeifer J, Kronberger L Jr, Rabl H,
Werkgartner G, et al. Hemostatic methods for the manage-
ment of spleen and liver injuries. World J Surg. 1996;20:
1107--12.
8. Hunt JP, Lentz CW, Cairns BA, Ramadan FM, Smith DL, Rut-
ledge R, et al. Management and outcome of splenic injury:
the results of a ﬁve-year statewide population-based study. Am
Surg. 1996;62:911--7.9. Delany HM, Ivatury RR, Blau SA, Gleeson M, Simon R,
Stahl WM.  Use of biodegradable (PGA) fabric for repair of
solid organ injury: a combined institution experience. Injury.
1993;24(9):585--9.
21423--6.Spleen-preserving  surgery  after  blunt  abdominal  trauma  
20. Basso N, Silecchia G, Raparelli L, Pizzuto G, Picconi T. Laparo-
scopic splenectomy for ruptured spleen: lessons learned from a
case. J Laparoendosc Adv Surg Tech A. 2003;13:109--12.
21. Nasr WI, Collins CL, Kelly JJ. Feasibility of laparoscopic
splenectomy in stable blunt trauma: a case series. J Trauma.
2004;57:887--9.
22. Dissanaike S, Frezza EE. Laparoscopic splenectomy in blunt
trauma. JSLS. 2006;10:499--503.
2521
3. Huscher CGS, Mingoli A, Sgarzini G, Brachini G, Binda B, Pon-
zano C, et al. Laparoscopic treatment of blunt splenic injuries:
initial experience with 11 patients. Surg Endosc. 2006;20:4. Petroianu A, Cabezas-Andrade MA, Berindoague Neto R. Laparo-
scopic subtotal splenectomy. Surg Laparosc Endosc Percutan
Tech. 2008;18:94--7.
